According to a recent review by Gleick (1998) , almost 500,000 km 2 of land are inundated worldwide by reservoirs. This is an area greater than the surface area of the Caspian Sea (374,000 km 2 ). Most of the dams in mountain regions are used to produce hydropower. In some mountain areas of the world, river systems are almost completely dammed. Switzerland, Austria, Norway, and Japan have the highest hydroelectricity production per surface area in the world (Table 1 ). This high density of power plants may restrict development of tourism. In Switzerland, about 80% of Alpine river reaches are influenced by hydropower operations. Water diversion has drastically reduced the number of attractive rapids and waterfalls in the Alps (Figure 1 ). Of the 109 major rivers in Japan, only the Nagara has not been dammed so far.
Liberalization of electricity markets
Liberalization of electricity markets has a considerable impact on the economics of hydropower plants and projects in most countries of the world. As a technology with high capital costs and usually longterm amortization, hydropower faces the FIGURE 1 Hydropower production in the European Alps has altered the hydrological regime of most mountain streams. This waterfall in the Schmuér catchment of the Rhine River (Switzerland) challenge of improving its competitive position. As an alternative strategy to cost leadership, market differentiation of products is emerging as a promising concept for liberalized markets. Generally, consumers are willing to pay more for a product that has properties they value more highly than those in a standard product. As a matter of fact, green power products have found a positive response in several electricity markets in the past decade. Due to very favorable life-cycle characteristics, hydropower is a prime candidate for delivering electricity to environmentally conscious consumers. Still, many hydropower plants have been criticized for severe local impacts on communities, landscapes, and ecosystems. These criticisms have created a negative image, especially in countries that use hydropower intensely (Table 1) . Consumers who are responsive to green electricity usually share concerns about the environmental impacts of hydropower production. Therefore, marketing of green hydropower will only be possible if its negative environmental impacts are minimized.
Marketing of green electricity
Green electricity has become available on several national electricity markets in the past decade. Initially conceived as a novel way of supporting renewable energy, it was later offered increasingly to customers as an environmentally preferable way to meet demand for electricity. Power producers and suppliers have the opportunity to position themselves as innovative and future-oriented actors while establishing stable, profitable sales of green electricity on a medium-term basis.
The key element that characterizes a green power product is its improved environmental performance in comparison with conventional power. Individual consumers expect green power to make electricity more environmentally friendly, while businesses are interested in improving their environmental image. In both cases, a particular green power product needs a good public reputation and must demonstrate additional environmental effects. However, customers need assistance in evaluating different products and may even ask for concrete purchasing recommendations. Ecolabeling is one important mechanism for enhancing transparency and providing guidelines for both marketers and customers. Ecolabels are usually designed and operated by an external, independent organization. The label may be endorsed by public authorities, environmental organizations, or consumer associations. the Netherlands, and the United Kingdom. Many product declaration and ecolabeling schemes are in place worldwide to support the marketing of green electricity products, with different strategies on the use of hydropower (see Table 2 ). The most widespread approach is applying a single criterion to keep procedures as simple as possible. The German Grüner Strom label, eg, is awarded to hydropower plants smaller than 10 MW, exclusively. The assumption is that small hydropower plants are not profitable and therefore require support. Canada's EcoLogo applies a capacity limit of 20 MW for run-of-river plants, while reservoirs are excluded from certification. The Swedish Bra Miljøval label certifies all existing hydropower facilities in operation prior to 1995. Swedish environmental organizations wanted to inhibit incentives in the green electricity market for new hydropower plants. The German TÜV (Technical Inspection Association) generally accepts all hydropower plants. The Swiss Naturemade Basic label is similar in this regard but calls for implementation of an environmental management system.
Product declarations and ecolabels for green hydropower
The criteria mentioned so far for determining green hydropower are essentially meaningless from an environmental perspective. Neither the date of construction nor installed capacity are indicators for assessing the local environmental impacts of a power plant. Sooner or later, these criteria will create considerable uncertainty among consumers when negative examples of certified hydropower plants are discussed publicly.
Evaluating the ecological performance of hydropower
A balanced approach based on the environmental costs and benefits of hydropower must address the problem of ambivalence. Electricity from hydropower plants creates no air pollution or nuclear waste and causes little CO 2 or other greenhouse gas release. Furthermore, it is extremely energy efficient, and energy from storage plants is instantaneously available at the moment of demand. Nevertheless, the construction and operation of hydropower plants is also associated with local and regional impacts, some of which may be quite severe, including extinction of fish populations, loss of aquatic habitats, sinking ground water levels, deterioration of landscapes, etc.
This globally preferable but locally destructive energy system has considerable political relevance in many countries of the world. Its political implications are Only a few of the existing ecolabels address these issues. The American Greene label was first used in 1997 for run-of-river power plants with a capacity limitation of 30 MW. In light of negative experience, Green-e is about to drop the single-criterion approach and develop an encompassing set of criteria for green hydropower plants. Two other labels were devised to deal more adequately with the issue of hydropower from the outset. The Australian SEDA label and the EnergieVision scheme of the German Öko-Institut incorporate some criteria for local environmental impacts in their green hydro certification (Table 2) . Finally, the Naturemade Star label applies a comprehensive assessment procedure for green hydropower recently developed by the Swiss Federal Institute for Environmental Science and Technology (EAWAG) as part of the Green Hydropower Project.
A new environmental standard for green hydropower
The leitmotif for the EAWAG project was to set up criteria that are (1) scientifically based and ecologically sound, (2) applicable in practice, and (3) locally adaptable.
Every single hydropower plant has unique local characteristics, making it difficult to improve ecological integrity. This has led to the development of a two-step approach involving basic requirements and ecoinvestments (see Figure 2) . The basic requirements provide a common minimum standard for all types of power plants. They have a scientific basis and are designed to guarantee that no major environmental problem persists after the corresponding criteria are fulfilled. They represent a standard of good practice. In Switzerland, the basic requirements correspond approximately to the standard of a plant after it acquires a new license to operate according to current environmental laws. They therefore represent a science-based analog to legal compliance.
Beyond good practice and legal compliance, green hydropower producers must demonstrate added value through further environmental improvements. Ecoinvestments, the second step in Figure 2 , were designed to allow for indi- vidually adapted improvements, which are set as a fixed mark-up on the kilowatthour. Ecoinvestments are of considerable use in public communication: hydropower plant operators may prove to their customers that their additional payments make a difference to the environment. In addition, ecoinvestments offer the flexibility to optimize local ecological performance beyond general criteria.
In order to assess the environmental impacts and qualities of a hydropower plant, a matrix approach was developed similar to the approaches used in industrial ecology (Figure 3) . Assessment is based on five topics relevant to environmental impact analysis: (1) hydrological regime, (2) connectivity of aquatic systems, (3) morphology and sediment regime, (4) landscape, and (5) biotopes, including biodiversity. These topics were chosen from a review of the relevant literature, input from various experts in river ecology, and the results of a large-scale field study in the Blenio Valley in the southern Swiss Alps.
Methods for stream assessment, including analysis of changes in hydrology, river morphology, and biological indices based on the distribution and abundance of different organisms, are well established. The concept of lateral connectivity between rivers, riparian ecosystems, and lateral groundwater regimes has also gained wide acceptance. Assessing landscape characteristics such as the aesthetic appeal of waterfalls and rapids is a more qualitative endeavor. Criteria for these environmental domains are set by formulating requirements within the framework of five management concepts (Figure 3) . The management concepts describe the design parameters for (1) minimum flow regime, (2) the mode of hydropeaking, (3) reservoir management, (4) sediment flushing, and (5) the specific operation and technology of the facilities. The full matrix outlined in Figure 3 defines the environmental goals, the basic criteria, and the methodological details in each of 25 fields.
Not all matrix elements are relevant to a given hydropower plant, however. In a pilot study, a potential green hydropower producer evaluates the priorities for environmental upgrading. Initial test cases have shown that only 10-15 matrix elements with their basic criteria are relevant to a typical power plant. Some aspects of the main management issues are illustrat- 
